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© Transformation of trichoderma. 

©A vector system for transformation of Trichoderma has 
been developed. The vector system can be used for high 
expression and secretion of proteins in Trichoderma by 
ft transformation of a suitable Trichoderma strain with the 
vector system comprising a gene for a desired protein. 
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The present Invention relates to a vector system for use in the 
transformation of Trlchoderma. a process for high level expression and 
secretion of proteins in Trichodenna . DNA recombinant vectors and 
transformed Trichodenna strains* 

BACKGROUND OF THE INVENTION 

Filamentous fungi are lover eukaryotes widely used in bio- 
technology to make various fermentation products. Fungi secrete many 
industrially important enzymes such as glucoamylase, proteases, lactase, 
pectinases and glucose oxidase* 

Filamentous fungi have a number of blotechnlcal advantages. They 
generally produce high amounts of proteins, cultivation in large scale is 
not complicated and separation of the mycelium from the culture liquid 
after the fermentation is easy* 

The mesophillc imperfect fungus Trichodenna reesei (formerly 
T. vlride ) (ref. 1) produces enzymes needed in conversion of cellulosic 
Momass and is probably the most widely investigated of all cellulase- 
producing organisms. 

For hydrolysis of cellulose to glucose, three types of enzyme 
activity are needed: randomly cleaving endoglucanases (1,4-p-D-glucan 
glucanohydrolase, EC 3.2.1.4) which usually attack substituted soluble 
substrates and show no activity to crystalline cellulose; celloblohydrolase 
(1,4-p-D-glucan celloblohydrolase, EC 3.2.1.91) capable of degrading 
crystalline cellulose but having no activity towards derivatized cellulose 
and p-glucosidase (p-D-glucoside glucohydrolase, EC 3.2.1,21) attacking 
cellobiose and cello-ollgosaccharldes to yield glucose. Synergistic action 
between 6ome of these enzymes has been demonstrated (refs. 2-4). 

Fungal cellulases have been purified and characterized and all 
three main types of enzymes have been shown to occur in multiple forms 
(ref. 5). Two immunologically distinctive cellobiohydrolases, CBH I and CBH 
II have been detected from the culture medium of T. reesei (refs. 4, 6). 
Five to eight electrophoretically distinct endoglucanases have been 
reported, many of them showing varying substrate specificities (refs. 7, ft, 
9, 10). Characterization of two extracellular p-glucosidases has been 
reported (ref. 11). 
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Intameive etrain development using the direct approach of mutation 
and ecreening hat successfully produced ■av«r«l high-yielding T. wwl 
■utant etraiua (refs. 12-22). The meant of extracellular protein produced 
by the bait T. reeeal mutant, it as much as 20-30 g fli tra of culture fluid 
which la more than 30 X of the total cell protein. A major part of the 
aacreted protein comprieea cellulaaea among which the CBH I component la 
moat abundant, repraeenting up to 60 X of the aacreted cellulaae protelna. 

The gene for CBH 1 haa been cloned by Shoemaker at al. (raf. 23) 
and Teeri et al. (ref. 24) and the Whole nucleotide sequence of the gene 
haa been publiahed (raf. 23). From T.rassel. also the gene for the major 
endoglucanaae EG I has been cloned and characterised (ref . 25, 26, 27). 
Other iaolated cellulate genes are cbh2 (ref. 28, 29) and egl3 (ref. 30). 

The »olecuiar biology of industrially important filamentous fungi 
is in general not well known. This is partly due to the lack of the sexual 
reproduction cycle and/or genetieal transformation ayetem. Recently, 
transformation ayatems have been developed for Keuroapora crasea (ref. 31), 
A. nidulans (wife. 32, 33, 34) and A. niger (ref . 33) generally having 
their baaia in complication of the mutant host by respective functional 
gene carried by the vector wJleculev However, of these fungi only A. niger 
1b of industrial interest at the moment. 

Ih the classification of fungi, the genus Aspergillus is included 
in the class Aacomycctes, sub-class Etta-scomycetes. Euaacomycetes are 
divided into three groups, Plectottyeetea , Pyrenomycetes and Piscomycetes on 
the basis of the fruiting bodies* The most important genera are Aspergillus 
and Penlcilllum (ref. 56). Trichoderma , instead, is classified as a member 
of Fungi imperfect! . Fungi imperfecti is a catch-all cathegory of fungi 
which have no eexual reproduction or obvious affinities with sexually 
reproducing genera, such as the highly characteristic Aspergillus. Although 
Trichoderma has been reported to possess a poorly defined sexual stage 
being an imperfect state of the perfect ascomycete species Hypocrea (ref. 
57), the genera Aspergillus and Trichoderma are clearly to be considered 
taxonomically very different. It has also been shown that the argb gene 
from Asper gillus nidulans and the pv*4 gene from Neurospora crassa do not 
hybridize, under non-stringent conditions, to the respective Trichoderma 
genes thus supporting the idea that Trichoderma is evolutionary quite 
distinct from other Ascomycetea (Vananen, S. } in preparation). 



Due to its exceptional ability to secrete proteins into the 
growth medium Trichoderma reesei is a good candidate as a possible host for 
the production of proteins. However, genetic studies of T. reesei have so 
far been directed almost exclusively to improve the cellulase-produclng 
properties of the fungus and the only technique used for the development of 
hypercellulotic Trichoderma b trains has been traditional mutagenesis and 
screening- No transformation systems for Trichoderma have so far been 
developed* 

It is the main object of the present invention to provide an 
effective host-vector system for Trichoderma reesei to obtain a high level 
expression and secretion of heterologous proteins in Trichoderma or to 
enhance the production of homologous proteins. 

In the present specification with claims, the expression "proteins 
heterologous to Trichoderma" means proteins not naturally produced by 
Trichoderma whereas "proteins homologous to Trichoderma " means proteins 
produced by Trichoderma itself. 

In the fungal transformation systems first developed, namely for 
Aspergillus and Neurospora, transformation is carried out using 
protoplasts. The transforming DNA is usually integrated Into the host 
genome. To provide a selection system for identifying stable transformants 
the vector system must carry a functional gene (a selection marker) which 
either complements a corresponding mutation of the host genome or supplies 
an activity, usually an enzyme, required for the growth of the prototrophic 
strain on a particular growth medium. 



SUMMARY OF THE INVENTION 



The present Invention describes a recombinant DNA cloning vector 
system for the transformation of Trichoderma . When the DNA cloning vector 
system comprises a DNA-sequence encoding a desired protein product 
transformation of Trichoderma with the present vector system will provide a 
high level expression and secretion of the desired protein when the 
transformed microorganism Is grown in a suitable culture medium. 

According to its first aspect the present invention provides a 
vector-system comprising 

a) a gene encoding a desired protein product, 
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b) function facilitating gene expression including 
promoters/enhancers operably linked to control expression of 
the desired product, 

c) optionally a signal/leader sequence fused upstream to 5« end of 
the gene for the desired product and 

d) a selection marker. 

According to its second aspect the present invention provides a 
method for transformation of Trichodenaa, wherein a suitable Trichoderma 
strain is transformed with the present vector system. 

According to its third aspect the present invention provides a 
method for the production of a protein in Trichoderma which comprises 
transforming Trichoderma with the present vector system, culturing the 
transformed strain in a suitable medium and recovering the expressed and 
secreted product from the medium. 

The present invention also provides a method for the production of 
a protein in Trichoderma by which method a Trichoderma strain transformed 
with the vector system is cultivated in a suitable culture medium and the 
expressed and secreted protein is recovered from the culture medium. 

The present invention furthermore provides stably transformed 

Trichoderma strains. 

As used herein the expression "vector system" includes a single 
vector or plasmid or two or more vectors or plasmids which together contain 
the DNA-information to be integrated into the host genome. The vectors or 
plasmids may be linear or closed circular molecules. Although self- 
replicating plasmids in Trichoderma are not lenown at present the invention 
also covers such self-replicating plasmids if they should be found at a 
later time. 

The vector system comprises DHA-sequences encoding functions 
facilitating gene expression including promoters, enhancers and 
transcription initiation sites as well as terminators, a marker for 
selection of transformants and a DNA-sequence encoding the desired 
protein. 

To ensure secretion of the expressed product the gene for the 
desired product is preferably provided with a preregion ensuring effective 
direction of the expressed product into the secretory pathway of the cell. 
This preregion which might be a naturally occuring signal or leader peptide 
or parts thereof is generally cleaved off from the desired product during 
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secretion whereupon Che nature product can be Isolated from the culture 
medium. 

The gene for the. desired product nay be obtained from genomic 
clones or cDNA clones. DNA-sequences may also be synthesized. 

The signal/leader sequence may be derived from the signal /leader 
sequence of the gene encoding the desired protein or may be derived from 
genes for other secreted proteins either from Trlchoderma or from any other 
source of organism. Examples of signal/leader sequences derived from genes 
encoding a protein secreted by Trlchoderma are the cbhl signal sequence or 
the egl l signal sequence or parts thereof. Signal/leader sequences derived 
from genes encoding secreted proteins heterologous to Trlchoderma may be 
derived from genes for Aspergillus amylases or glucoamylase. Also synthetic 
signal/leader sequences may be used. 

The promoter may be any DNA-sequence that shows transcriptional 
activity in Trlchoderma and may be derived from genes either homologous or 
heterologous to Trlchoderma * Examples of promoters derived from genes 
encoding proteins homologous to Trlchoderma are the cbhl promoter or the 
egll promoter or parts thereof. An example of a promoter derived from a 
gene for a protein heterologous to Trlchoderma is the Aspergillus 
glucoamylase promoter. Transcription terminators may be derived from the 
same sources as the promoters. Also synthetic promoter or terminator 
sequences may be used. 

It is understood and obvious to the expert in the art that all 
specifically mentioned DMA-sequences may be modified by amendment or 
deletion of a couple of bases non-essential to the function of the product 
encoded for. For example DNA sequences substantially similar to cbhl or 
egll signal or promoter sequences may be used as long as they exhibit the 
intended function in Trlchoderma . Also the genes for the desired proteins 
may be altered as long as this has no deleterious effect on the activity of 
the protein. 

Different selection markers may be used, e.g. argB (A* nidulans or 
T. reesei ), amdS (A. nidulans) and pyr4 (Weurospora crassa or T. reesel ). 

The host strain may either be a prototrophic or an auxotrophic 
Trlchoderma strain depending on the selection marker used in the 
transformation procedure. The amdS gene from A. nidulans may as 
demonstrated in the experimental part of the specification be used for the 
transformation of prototrophic T. reesei strains. T. reesel grows poorly on 
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acatanide at the tola nit rogan eourea ind tha growth can ba further 
iohlbltad by adding Cad to tha *ediua. Tha growth on acatamlda as tha aola 
nitrogan source in tha presence of CsCl can accordingly ba usad at a 
aalactlon aediua to idantlfy AmdB* tranef ©wants. 

If a aalactlon marker it used which complements a corresponding 
mutation of tha boat genoae auxotrophic Trichodarma mutants mutt be 
conetructed. Autotrophic Trlchoderaa ttutante may ba produced by known 
methods for producing muttnt strains. * 

Auxotrophic Trichodarma mutants requiring uracil, tryptophan or 
arginine for growth were isolated by a filtration antichmant technique as 
described by Nevalainen (rat- 36). From arginine requiring auxotropha, 
mutants deficient in the argB gene ware identified by using a aeries of 
minimal plates supplied by different intarmediates in the arginine 
biosynthesia. From uracil-requiring mutants, strains deficient in the pyrA 
gene can be sought for by measuring the orotidine-5 1 -phosphate 
decarboxylase (OMP decase) activity in ttycelium preparations (ref. 37). 

Mutants having a trpl gene defect can be characterised by the lack 
of the FRA isomeraea - InGP aynthetasa activity in their mycella (ref. 40). 
The trpl -character of the mutinta shoving no entyae activity may be 
confirmed by e.g. transformation and complementation with the H. craasa 
trpl plasmid (ref. 41) or the trpC -plasmid of A. nidulans (ref. 34). 

The transformation technique used is the method adapted from the 
methods for transformation of A. nidulans (ref 8. 32,^33). Protoplasts are 
prepared by known methods by growing mycelium on agar plates and suspending 
mycelium in a buffered solution of Novorym R 234* Instead of the conven- 
tional sucrose solution of Novozym* 234 a sorbitol solution may advan- 
tageously be used. Transforming DBA is then added to the protoplast 
solution as described in further detail in the experimental part of the 
specification. The transformation is Usually carried' out as a cotransfor- 
mation by which a nonselectable plasmid is cotransf ormed into T. reesei 
with high frequency using a selectable marker inserted in another plasmid 
(e.g. amdS in p3SR2 or argB in pSal43). A great proportion of the 
transformants contain the nonselectable plasmid integrated into the genome 
if equimolar amounts of DNA are used for transformation. When an argB" T. 
reesei strain is used in transformation with equimolar amounts of plasmids 
p3SR2 and pSal43, transformants can be obtained on double selection medium 
(minimal medium, ace t amide, CeCl). Alternatively a single plasmid may be 
used for transformation in which also the selectable marker is inserted. 
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Transformants are then cultured in a .ul table median. To ^ aHe 
to produce the desired product in a staple defined medium a glucose 
inducible promoter may be used. When Trlchoderma i. 8 rowa on a medium 
containing 1 Z glucose, secretion of .11 extracellular proteins, including 
proteases is strongly suppressed. When the gene coding for the desired 
enzyme is connected to a promoter strongly expressed 1„ 8 i UC08e containing 
medium, the desired enzyme , 8 8ec reted to the growth medium. Since other 
proteins are not produced under these conditions, the desired enzyme is the 
major protein secreted into the medium. 

When the fungal mycelium is removed the desired protein is present 
in the resulting solution in a very pure form, if required, it can be very 
easily further purified, since it is almost the only protein present. 

The present invention may also be used to modify or inactivate a 
gene producing a certain enzyme activity of host organism. As an example 
cellulase-negative T. reesel strains can be constructed. This mutagenesis 
is based on transformation of Jrichoder»a_reesei with a plasmld carrying a 
defected cellulase gene. Homologous recombination of the plasmld at the 
chromosomal cellulase locus causes insertional inactivation of the 
endogenous T. reesel cellulase gene. The plasmld used for transformation 
contains only part of the cellulase coding region and produces Inactive 
protein. No 5' flanking sequences are included. A frameshift mutation can 
also be introduced to the truncated coding region. A selection marker (argB) 
or a marker for screening (lacZ) can be coupled to the plasmld used for 
transformation. After recombination the marker will be placed between the 
two resulting defective cellulase genes. Principle of the method is shown 
in fig. 1. 

The present invention is illustrated by means of the production of 
chymosln and Trlchoderma reesel endoglucanase I (EGI). Promoter, signal and 
leader and terminator sequences were derived from either the glucoamylase 

8«e from Aspergillus niger or the Trlchoderma r « cthl gene . As 

selection marker the amdS gene from A. nldulans was used. 



Materials 
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Plasnldst 

P 285t 

pCAMG91t 

piCl9R: 

pSal43: 

p3SR2: 

pDJB2: 

P MC1817: 

pTTOl, pTtllJ 

pUC9, pBCl3: 

P UC18, pUGl9: 

pTZl9R: 

pAN5-41B: 



ATCC Ho. 20681 
r«f. 39 
ref. 60 
refs. 51 + 54 
refs. 33 + 35 
ref. 38 
ref. *6 
ref. 28 
ref. 61 
ref. 58 
(Pharmacia) 
ref. 62 



E. coll strains JM101, JM103, JM10S and DH1 (ref. 59) are used as hosts In 
eTcqiT cloning. r,ichoaertta reesel strains C#9414 <ATCC 26921) end 
ROT-C-30 (ATCC 56765) are used" In fungal transformation end expression 
studies. 

Trlchodenm minimal medium: 



Glucose 
(N^) 2 S0„ 

MgSOk, 
CaCl 

FeS0„, 7^0 
MnSO,,, HjO 
ZnSO,,, 7^0 
CoCl, 



20 g 

5 g 
15 g 

0.6 g 

0.6 g 
5 ng 

1.56 ng 

1.4 mg 

2 tag / 1 B^O 



Brief description of drawings 

The figures of the constructions are not In scale. 
Fig. 1 shows the principle of the lnactivatlon of a chromosomal 
cellulase gene. 
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Fig* 2 shows the construction of plasmlds pMS4 used for Insertion 
nut agenesis of the T. reesel chromosomal CBHI locus* Position of a 
frame shift nutation generated by inactivation of EcoRI site is narked with 
*. 

Fig. 3 shows the construction of plasmid p285' proC. 

Fig. 4 shows the construction of plasnlds pMT648 and 15 pMT813. 

Fig. 5 shows the construction of plasmid pMT837. 

Fig. 6 shows the restriction nap of plasmid pR27. 

Fig. 7 shows the restriction map of plasmid pAMHIOO. 

Fig. 8 shows the construction of plasmid pAMHIOS. 

Fig. 9 shows the construction of plasmlds pAMHll03, pAMH1106 and 
pAMHUOl by loop-mutagenesls using synthesized oligonucleotides 0AMH1, 
0AHH2 and 0AMH3. 

Fig. 10 shows the linkers NOR 202, NOR 203, 0AMH1, 0AMH2 and 

0AMH3. 

Fig. 11 shows the restriction maps of plasmlds pANH102 and 

pAMH104. 

Fig. 12 shows the restriction map of plasmid pAMH1103 and the 
construction of pAMH103. 

Fig. 13 shows the restriction map of plasmid pAMH1106 and the 
construction of pAMH106. 

Fig. 14 shows the restriction map of plasmid pAMHUOl and the 
consruction of pAMHIOl. 

Fig. 15 shows the construction of plasmid pAMHUO. 

Fig. 16 shows the construction of plasmid pAMHlll used for 
express ionof EGI under CBHI promoter function. 

Fig. 17 shows the expression of chymosln in T. reesei. Western 
blot. Lane 1; purified prochymosln control, includes traces of 
pseudochymosin and chymosln. Lane 2; culture supernatant from growth of 
strain Including pAMH102. Lane 3; control supernatant from strain without 
plasmlds. Lane 4; mycella from strain Including pAMH102. 
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EXPERIMENTAL PART 0244234 
Example 1 

Induction, •nrichmant and isolation of auxotrophic T J1 _r«eBei mutant 
strains. 

Auxotrophic mutants requiring: uracil , tryptophan or arglnlne for 
growth were Isolated using filtration enrichment as described by Hevalalnen 
(ref. 36). The mutagenic agent used was ,DV-light. From arglnine requiring 
auxotropha, mutants deficient in the erg? gene were identified by using a 
series of ndniaal plates supplied by different intermediates in the 
arginlne biosynthesis (ref. 36). Mutant* requiring citrulllne for growth 
were considered as possible- argB- - mutants. The argB" character of isolated 
mutants was confirmed by transforming them into prototrophy using the 
plasmid pSal43 containing the A. nidulans argB gene (example 4). 

From uracil-requlring mutants, strains deficient in the pyr4 gene 
were sought for. The pyrA" character of these mutants was confirmed by 
transformation with a plasmid containing the N. crassa pyr4 gene (ref. 38) 
(example 4). 

Example 2 

Preparation of protoplasts 

Mycelium was grown on cellophane dislcB on Potato Dextrose Agar 
plates (Difco). Mycelium from 5 cellophane cultures was suspended in 15 ml 
of a 5 mg/ml solution of Novoxym* 234 in 1.2 M sorbitol buffered at pH 
5.6 with 0.1 M potassium-phosphate. The mixture, was incubated 1.5 - 2 h at 
30°C. Protoplasts were separated from mycelial debris by filtration 
through sintered glass (porosity 1) pelleted for 5 min at 4000 g and washed 
twice with 1.2 M sorbitol - 10 mM Tris, HC1 pH .7.5. 

Better purification of protoplasts can be achieved by using a 
method described by Tilburn et al. (ref , 33). 5 mg/ml solution of 
Novozym R 234 in 1.2 M MgSO,, buffered at pH 5.8 was used for proto- 
plasting. After incubation and filtration the protoplast suspension was 
centrlfugated at 4000 g for 15 min with an overlay of an equal volume of 
0.6 M sorbitol - 100 mM Tris, HC1, pH 7.0. Protoplasts formed a sharp band 
halfway the tube. The protoplasts were suspended in 1 vol of 1.2 M sorbitol 
- 10 mM Tris, HC1, pH 7.5, spun down and washed twice in 1.2 M sorbitol - 
10 mM Tris, HC1, pH 7.5. The protoplasts were suspended in 1.2 M sorbitol - 



0244234 

10 mM CaCl 2 - 10 mM Tris, HC1, pH 7.5 at a concentration of 5 x 10 6 * 5 x 
10 7 protoplasts/ml. 

The viability of the protoplasts vis estimated on Trichoderma 
minimal medium with 1 M sorbitol as osmotic stabiliser. The protoplasts 
were plated in 3 X agar overlay. The regeneration frequency was 40 - 80 X 
for the strain QM 9414 (ATCC 26921). 

Example 3 

Transformation of T. reesei using A. nldulans acetamidase (amdS) gene. 

Plasmid p3SR2 was used in transformation. It contained A. nldulans 
DNA carrying the whole acetamidase structural gene amdS and its regulatory 
region amdl (ref . 45 and 33). 

20 jil (4 - 10 jig) of transforming DNA was added to 200 ul of 
protoplast solution. 50 ul of 25 X PEG 6000 - 50 mM CaCl 2 - 10 mM Trie, 
HC1, pH 7.5 was added and the mixture was incubated for 20 min on ice. 2 ml 
of the PEG-solution was added and the mixture was further incubated 5 min 
at room temperature. 4 ml of 1.2 M sorbitol - 10 mM CaCl 2 - 10 mM Tris, 
HC1, pH 7.5 was added and the protoplasts were plated in 3 X agar overlay. 
The selective medium was Trichoderma minimal medium with 10 mM acetamide as 
the sole nitrogen source instead of (NH^SO^, and supplemented with 1 M 
sorbitol as osmotic stabilizer and 12.5 mM CsCl to repress the background 
growth. 

Transformation frequencies from 40 to 600 transformants per ug DNA 
were obtained for the strain Qi 9414 (ATCC 26921). The highest frequencies 
were obtained when the DNA was purified with two cycles of CsCl/ethidluro- 
bromlde centrlf ugation. 

Sporulation was rarely observed on the selective medium but the 
transformants sporulate normally when transferred to Potato Dextrose Agar. 
Their ability to grow on acetamide varied. The diameter of the colonies on 
the selective medium ranged 1 mm to 10 - 20 mm. 

The mitotic stability of the transformants was Investigated. Ten 
'large transformants of varying size were subcultured on acetamide-CsCl 
plates, sporulated on potato dextrose (PD) and replated on PD. To exclude 
heterogeneity caused by heterokaryosls, individual colonies arising from 
one spore were tested for AmdS + phenotype. One positive clone from each 
original transformant was subjected to successive platings (5 growth 
cycles) on non-selective medium and phenotype was tested after each 
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Migration on th. -elective madM-. Of 10 large tranaformanta tested, after 
one cycle on «on-eelective medium .1* of th. tn transformants gave 100 X 
A*dS + conldia, thro* 47-87 X and one transformant gave no Amd8+ conidla. 
Ihla result remalnad th* same through five non-selective growth cycles, 
suggesting that tha initially unstable AmdS* phenotype can be stabilised 
later on. 

From ten original small colonies, three gave spores with variable 
frequencies of JtadB+ phenotype (54 X, 44 X and 5 X of the spores). The 
other seven clones gave only spores *nable to grow em acetaaide. 
Interestingly, all AmdS+ spores obtained ehowed vigoroue growth on 
ecetanlde plates, characteristic of large colony transformants. 

The presence of the plasmid DHA in the transformants was analysed 
by Southern Mote of total DMA, isolated from transformants (according to 
Baeder and Broda, ref . 44), cut with Xho I or Sal 1 and Bco RI. The vector 
pUC 18 end the Sal I - Bco RI fragment containing tha amdS gene of plesmid 
p3SR2 were used as probes. The transformation was shown to have occurred by 
recombination at a number of diff erent sites in the Trlchoderma genome DNA, 
one to several copies per genome. 

Example 4 * 1 

Transformation of T. reesei with A. nidulans and N. crassa plaamids. 

Complementation of auxotrophic mutations in T. reesei by hetero- 
logous DNA was demonstrated. The, plasmid pSal43 containing the argil gene 
from A. nidulans was used to transform T. reesei argB" mutant strains. The 
plasmid pDJB2, containing the pyr4 gene from K. crassa was used to 
transform T. reesei pyr4~ nutant atrains. The transformants were selected 
on «inimal medium without argiuine or 30 ug/ml uracil, respectively. The 
frequency of transformation was in bpth cases around 300 (150 - 400) 

transformants/ug DNA. 

Chromosomal DMA was isolated f rom the transformants and used for 
Southern hybridisation experiments to verify the proper integration of 
plasmid DNA into the chromosomal DHA of TV reeBei . Multiple tandem copies 
of pSall43 were integrated in the genome. Southern and dot blot 
hybridizations shoved that in transformants analyzed the copy number of 
argB varies from appr. 2 to over 100. The ArgB + transformants were shown to 
be phenotypically 100 X stable through at least 3 generations. This was 
tested by successive platings of conidia from five transformants onto 
complete medium and thereafter testing the Arg+ phenotype on minimal medium 
(50-80 colonies/transformant). 
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fexample 5 

Cotran8formation of T. reeael with amdS and argB plasmids. 

The possibility to cotran8form Trlchoderma with a non-selectable 
plasmld was first 8hown with the arginine auxotrophic mutant. 

The argB" T. reesel strain was transformed with equal molar 
amounts of A. nldulans plaamlds pSal43 (argB) and p3SR2 (amdS), trans- 
formants were selected for Arg + phenotype and tested for acquisition of 
amdS by streaking on acetamide-CsCl-plates. Of the ArgB transformants, 86 X 
were also AmdS + . Southern analysis of cotransformants indicated that both 
plasmids were integrated as variable amounts of copies in several different 
locations in the genome (data not shown). 

Double selection on minimal acetamide-CsCl-medium resulted in ~100 
big Amd + Arg + transformants per \ig of DNA and a number of small colonies, 
characteristic of amdS transformation. 

When the stability of the ArgB + phenotype of the argB amdS 
cotransformants was tested, three out of five proved 100 X stable, whereas 
the other had lost the ArgB 4 * character in 7 X or 80 X of the progeny 
analysed. The same individual colonies had also lost the AmdS + phenotype. 
Weather this instability was caused by e.g. the cointegration of argB with 
the amdS to the same chromosomal location is not known. 

The plasmid pAN5-4lB which contains the E. coli lacZ gene coupled 
in phase to the promoter and N-terminal protein coding region of the A^ 
nldulans glyceraldehydephosphate dehydrogenase gene (g£d) (ref . 62) was 
also used for cotransformation. In addition, this plasmid contains the A 
nldulans argB gene and pBR322 sequencies. Prototrophic T. reesei (QM 9414) 
was cotransformed with the plasmid p3SR2 (amdS) and pAN5-4IB, transformants 
were selected for Amd + phenotype and screened for p-gal expression on 
acetamide-CsCl-plates containing Xgal. No endogenous T. reesel 
p-galactosidase activity could be detected when glucose was present in the 
medium and pH of the Xgal plates was neutral. 

After 1-4 days of growth blue colour was visible. When 1.0/0.7 
molar ratio of the plasmids (p3SR2/pAN5-4IB) was used in transformation 
13 X of the big and 6 X of the small Amd* clones showed p-galactosidase 
activity, with molar ratio of 1.0/2.6, 39 X and 7 X of Xgal + clones, 
respectively, were obtained. The presence of both plasmids In Amd* 
transformants showing blue colour was verified by Southern hybridization 
(data not shown). 
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Example 6 

Construction of a cbhl" Trlchoderma reesel «stra1n. The activation of 
different cellulase genes 1n the manner described allows the construction Of 
a series of T. reesel strains producing a particular combination of 
cellulases. cbhl* strains are also important for the efficient production of 
heterologous proteins when using the cbhl promoter. Trlchoderma reesel 
strain QM 9414 (ATCC 26921) was shown to contain only one chromosomal copy 
of cbhl gene by Southern hybridization using cbhl specific probes and so one 
recombination event should Inactivate the gene. An Inactive gene was 
constructed as follows. The plasmid pTTOl (ref. 27) containing the full 
length cDNA clone of the cbhl gene In the vector pUC8 was cut with 
restriction enzymes Bgl I and Bgl II. The 0.8 kb fragment from the 5' 
terminal region of the cbhl gene was isolated from agarose gel by 
conventional techniques. The fragment was made blunt«ended using SI nuclease 
and 1t was 11 gated to an Eco RI cut, bl unbended pUC 18 vector and 
transformed to E. coll JM 109. DNA from the clone containing the cbhl gene 
fragment was isolated and digested with restriction enzyme Eco RI which cuts 
1n the middle of the Bgl I « Bgl II fragment of cbhl. The Eco RI -.generated 
termini were filled 1n and back* lfgated. A plasmid pMS4 containing a 
frameshlft mutation 1n the middle of the truncated cbhl gene fragment was 

generated (fig. 2). 

Trlchoderma was cotransformed with the plasmid pMS4 and the A^ 
nldulans amdS containing plasmid p3SR2 with 3*4 times molar excess of 
plasmid pMS4. 

Transformants were selected on the basis of the amdS+ phenotype as 
described (example 3) and purified on selective medium containing asetamide 
as a sole carbon source. Purified transformants were grown on mlcrotiter 
plates in 200 »il of Trlchoderma minimal medium with 1 % Solka floe cellulose 
as carbon source and 0.2 % proteose peptone as nitrogen source. The 
cellulase phenotype was tested by the Ouchterlony immunodiffusion by using 
undiluted growth nedia against the CBH I specific antiserum (sheep) as 
described (ref. 59). A number of transformants were identified which 
produced normal amount of CBH II but no detectable CBH I. 
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Example 7 

I. Preparation of Plasmid 285'proC Containing the Prochymosln Gene 
(fig. 3). 

As an example of a heterologous protein 1n T. reesel we chose to 
express the prochymosln cDMA (fig. 3). The preprochymoslne gene was Isolated 
from a calf stomach cDNA library and Inserted into the Pst I site 
of pBR322 by freC tailing (refs. 49 and SO) to obtain pR26. pUC9 was cut with 
Sail and filled out with Klenow polymerase and 11 gated with T4 llgase. The 
obtained plasmid was cut with BamHNEcoRI and the 2.7 kb large fragment was 
11 gated with a 0.47 kb BanHNEcoRl fragment from pR26 to create pUC9 f 
containing a Hindi II site N«eterminally of the prochymosln gene* pUC13 was 
cut with BamHNNarl and NarNXmal and the large respective small fragment 
was 11 gated with a 0.64 kb XraaI«Bc1I fragment of pR26 to obtain plasmid 
pUC13* containing an Xbal«s1te ^terminally of the prochymosln gene. A 0.65 
kb XmaI«XbaI fragment of pUC13' was 11 gated with a 0.46 kb HindIII«XmaI 
fragment of pUC9' and a 11 kb XbaI«HindIII fragment of p285 to create 
plasmid p285' proC containing the prochymosln gene as illustrated in fig. 
3. 

II. Construction of Plasmid pAKG/Temu 

pCAMG91 was digested with Sail and PstI restriction endonucleases. 
From such a digests a 698 bp fragment was Isolated on an agarose gel. This 
SalI*PstI fragment contains the region encoding the 140 bp 3* untranslated 
part of the glucoaiqylase mRNA plus 540 bp 3' to the po1y(A)*addition site. 
This 3' fragment was treated with T4«DNA polymerase to "blunt end" the 
restriction sites before the addition of Xbal linkers and digestion with 
Xbal restriction enzyme. This 3 9 end of the glucoaiqylase gene was 11 gated to 
pl)C13 linearized with Xbal to create plasmid mAMG/Terra containing the 
glucoamylase gene poly (A) addition region. 

III. Construction of Plasmid pMT837 

A 0.5 kb SmalNBssHII fragment of pCAMG91 containing the promoter 
and the sequences coding for the glucoamylase (AMG) signal and leader 
peptide was 11 gated to SmaI«BamHI digested pUC13 and a synthetic 
BssHIIoBamHI adaptor encoding the first 6 amino acids of prochymosln. From 
the resulting plasmid, pMT626, a 0.8 kb NdeI«BamHI fragment was isolated and 
11 gated to a 0.5 kb BamHNEcoRI fragment from p285 , proC containing the 
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sequence for the *tor«1na1 half of ££oC and to a 3.0 kb EcoRNNdel fragment 
of DKT622 containing the Otermlnal part of the sequence for jprpC. (pMT622 
1s simply a EcoRNXbal subclone of p285' proC 1n pUC13). The resulting 
plasmld pMT648 (see fig. 4) contains the entire pr*chy»os1n gene preceeded 
by AMG promoter and signal/leader encoding sequences. pMT648 was further 
BodTfTed to contain the argB gene •of A; hidulans (ref. 61). A 1.8 kb 
NarI*fHled In Xbal fragment of pMT648 was ltgated to a 6.8 kb Clal 
filled«1n EcoRl fragment of pSa143.*o give pMT651. Sequences further 
upstream of the AMG promoter (upstream activating sequences; UAS's) were 
furthermore Inserted. This was achieved by Hg.tlng a 3.7 kb ClaMsrtll 
fragment from the original clone (CWB9I to the 1.1 kb BssHII filled In X a 
fragment of pMT648 containing the proC sequences, and the argB gene as a 3.1 
kb Clal-filled 1n EcoRI fragment from p«T813 (pMT813 1s the argB gene cloned 
as a 3 1 kb BamHI-NruI fragment cloned into EcoRV-Bglll cut P 1C19R). The 
resulting plasmld. pMT830. has got an expression u*1t containing the UAS's, 
promoter, signal and leader sequences from AMS and the entire gene f or proC. 
Finally the terminator sequence of AMG 1s taken as a 0.6 kb Xbal-Xbal 
fragment from plasmld pAMG/Tero and Inserted Into the Xbal cut and 
dephosphorylated pMT830 to give pHT837. The construction of pMT837 Is 
Illustrated 1n f1g. 5. 

Example 8 

Production of chymoslh using pHT837. 

T . r eese1 strains QM 9414 and RUT-C-30 were cotransformed with 

plasmids pi*T837 and p3SR2. Plasnrid pHT837 contains the prochymosin gene 

preceeded by the WIG promoter and signal /leader sequence. The construction 

of plasmid PHT837 was described In Example 7 (see also figs. 3-5). 

(^transformation and selection was carried out as in Example 5. 

For chymosin production transformants were cultured on minimal 

medium containing 1 % Solka floe cellulose and 0.2 % proteose peptone. 

The mycelia were collected and the supernatant was concentrated, 

when necessary, by TCA precipitation and diluted into 2 M NaOH 10 mM Trls 
(pH 8.5). The samples were fractloned on SDS^page (7.5 S - 15 X 
polyacrylamide gradient) and electrbblotted to a nitrocellulose filter. The 
filters were incubated with rabbit prochymosin antiserum and stained with 
4-chloro-l-naftol using e-rabblt-IgG-peroxIdase conjugate purchased from 
Sigma. 
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Chymosln was shown to be secreted Into the medium approximately at 
the level of 1 »»g/1. Since the AMS promoter clearly functions Inefficiently 
1n T. reesei homologous T. reesel promoter-terminator vectors were 
constructed to Improve the production level of chymosln. 

Example 9 

The construction of heterologous expression vectors for production of calf 
prochymosin 1n T. reesei using cbhl promoter. 

I. The joining of prochymosin gene to cbhl terminator region. 

The calf prochymosin gene was obtained from plasrold pR27 (fig. 6). 
The PstI - PstI fragment (-1110 bp) containing almost the whole gene was 
Isolated from agarose gel by conventional techniques and llgated to the PstI 
site of pUC 19. 

This plasmid was partially digested with PstI, ends made blunt with 
SI nuclease and an Avail terminator fragment (-750 bp) of cbhl gene (blunt 
ends with Klenow fragment) was llgated into this plasmid. The terminator 
region of cbhl gene was obtained from the terminal 1.8 kb BaraHI fragment of 
cbhl cDNA subcloned in pBR322 (ref. 24). 

This plasmid containing the ' pro C fragment coupled with the 
terminator region of cbhl gene in pUC 19 was called pAMHIOO (fig. 7). 

II. TJie fusion of cbhl promoter region and prochymosin coding region 

using Bgll-SacII adaptor. 

The Sac II - Pst I fragment ( 80 bp) coding for the N-terminal 
region of prochymosin was isolated from plasmid pR 27 (see fig. 6). The cbhl 
promoter region was first subcloned from the genomic clone X 44A as a 2.8 kb 
long Eco RI - Eco RI fragment into pUC 18 (plasmid pUA 01, fig. 8), and then 
a -2.2 kb long Eco RI - Bgl I fragment was isolated from this subclone. The 
Bgl I site is located in the middle of the signal sequence of cbhl gene. The 
precise joining of the -2.2 kb long EcoRI - Bgl I fragment, containing the 
promoter and about half of the signal peptide coding region of cbhl gene, to 
the ~ 80 bp Sac II - Pst I prochymosin fragment is mediated by the Bgl I - 
Sac II adaptor (NOR 202 + NOR 203, fig. 10). These fragments together with 
the adaptor were llgated Into pUC19 digested with Eco RI - Pst I. This 
plasmid codes for a complete signal sequence of CBH I fused to the first 
amino acid of prochymosin followed by some of Its N-terminal sequences. 
Finally, from this construction the Eco RI - pcbhl ss - crop - Pst I 
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fragment was Isolated. Hgated from its 3' end Into pAMWOO digested with 
Sal I and Pst I. The 5' end of the fragment and Eco Rl-end of plasmid 
pAMHIOO was filled In with Klenow and Hgated. Thus the promoter of cbhl 
gene and proC fragment was transferred in front of 'j»rpC followed by the 
cbhl terminator area. The construction was named pAMH102 (Fig. 11). 

III. The addition of a selectable marker to chymosin expression 
plasmld. 

As a selectable marker In the expression plasmids either the amdS 
gene of A. nidulans (refs. 42. 30) or the argB gene of A. nidulans , can be 
used (ref. 48)). 

The aradS gene was Isolated as a Pvu I - Sal 1 fragment from p3SR2 
and Hgated to the 6 kb long Pvu I - Sal I fragment of pAHH 102. This 
selectable vector was named pAHH 104 (Fig. 11). 

IV. The precise fusion of the cbhl -promoter and preprochymosin coding 
sequences using oligonucleotides 

The aminoterminal Pstl fragment (-150 bp) of preprochymosin was 
isolated from P R26 (fig. 3) which Includes a complete preprochymosin cDNA 
clone, starting 12 bp upstream from ATG. Inserted into Pstl site In pBR 322. 
This fragment was subcloned into the polyllnker of P TZ19R together with the 
cbhl Eco RI - Sac I (-2.6 kb) promoter fragment which also Includes the 
ITgnal sequence coding region of cbhl- (fig. 8). The cbhl Eco RI - Sac I 
fragment Is obtained from a 2.8 kb Eco RI - Eco RI subclone in PUC 18 
(pUAOl fig. 8) of the original X44A clone (ref. 24). P TZ19R (Pharmacia) 1s 
a pUC19 based plasmid including the Fl origin of replication and the T7 
promoter enabling the use of ss-template (single stranded) for 
oligonucleotide mutagenesis. The construction of the resulting plasnnd (pAHH 
105) is illustrated in Figure 8. From this plasmid the sequences between 
cbhl promoter area and j>roC ATG were deleted by loop-mutagenesis using a 
"^cific oligonucleotide. OAHH 3 (fig. 10). The performance of 
oligonucleotide directed mutagenesis is illustrated in figure 9. The 
oligonucleotide in question was phosphorylated. annealed to ss pAHH 105 DNA 
(ref 60 ss-DNA was isolated from JM103/pAMH105 as described by Pharmacia) 
in molar' ratio 20:1. respectively. The oligonucleotide primer was elongated 
using Klenow polymerase and T4 ligase as described in ref. 60. The elongated 
mixture was digested with Sma I (resides in the polylinker of P TZ19R. see 
fig 9) prior to transformation into the mutL mismatch repair deficient 
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strain of E. coll . BHH71.18 (ref. 61). The pool of transformants was grown 
overnight In 5 ml liquid culture (Luria broth as described in ref. 62, with 
100 ug/ml amplcllUn). Plasmld DNA was isolated from pool of transformants 
and it was redigested with Sma 1 and retransformed Into E. coli JM 109 
strain. The screening of potential deletion clones was performed by 
digestion using different restriction enzymes and the specificity of 
deletion was further confirmed by sequencing. The resulting plasmld was 
called pAHHUOl (fig. 12). This plasmld was further digested with Eco RI and 
Pst I and the resulting pcbhl-preproC fragment was isolated (fig. 14) and 
llgated at Its Pstl-end to pAMHIOO plasmid digested with PstI and Sail. The 
ends of the resulting llgated fragment were made blunt by Klenow and 
llgated. The resulting plasmld was called pAHHIOl and It contains the cbhl 
promoter area fused to the signal sequence of prochymosln and the whole 
prochymosin coding region fused to the terminator area of cbhl gene (fig 
14). 



V. The precise fusion of the cbhl promoter and preproC gene by signal 
sequence fusion performed by using oligonucleotides. 

The construction of plasmid pAHH1103 (fig. 12) was performed 
essentially as pAHHUOl described In details 1n the preceding chapter IV 
with the exception that the specific oligonucleotide used for this 
construction was 0AHH1 (fig. 10 and 9). The resulting plasmld pAMH 1103 
contains a signal sequence fusion including amino acids (aa) 1-12 from cbhl 
signal sequence fused to aa 12-16 from preproC signal sequence preceding~the 
aminoterminal part (-140 bp) of the coding region of proC gene (fig. 12). 
From plasmid pAMH 1103 the pcbhl-sso-proC (o = fusion) fragment was 
subcloned Into pAVH 100 essentially as described 1n the preceding chapter IV 
(see Fig. 12). The resulting plasmid pAMH 103 Includes the promoter area of 
cbhl and signal sequence fusion of cbhl and preproC preceding the proC 
coding region fused to the cbhl terminator area. 

VI The precise fusion of the cbhl coding region to proC coding region 

by using oligonucleotides. 

The construction of plasmid pAMH 1106 (fig. 13) was performed 
essentially as pAMH 1101 described in details in the preceding chapter IV 
with the exception that the specific oligonucleotide used for this 
construction was 0AMH2 (fig. 10 and 9). From the resulting plasmid pAMH 1106 
Including the promoter area of cbhl, signal sequence of cbhl and the coding 
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region of 1-20 first aa of nature CBH I fused to the coding region of £rpC 
the fragment containing pcbhl-aature o-jproC' was subclone* into pAMHIOO 
essentially as described 1n the preceding chapter IV (F1g. 12). The 
resulting plasmld pAMHIOS Includes the promoter area of cbhl. signal 
sequence of cbhl. coding region of aa 1-20 of mature CBHI fused to the 
coding region of jgroC. 

Example 10 

Production of chymosln using pAMH102 and pAMH 104. 

Tt reesel strains QM 9414 and RUT-C-30 were cotransformed with 
plasalds DAHHJ02 and p3SR2 1n molaV ratio 5:1, respectively. The 
construction of plasmld pAMH102 was described In Example 9 chapter II. 
(^transformation and selection was carried out as 1n Example 5. The 
transformants wero purified on selective esetamlde plates as described In 

Example 3. 

For chymosln production transformants were cultured on minimal 
medium (10 to 50 ml) containing 1 * Sol ka floe cellulose and 0.2 * proteose 
peptone. The my eel 1a were collected and the supernatant was concentrated by 
TCA precipitation and diluted Into. 2rt NaOH 10 «M Tris (pH 8.5). The mycella 
were broken In tte presence of liquid nitrogen, broken cells were pelleted 
and the supernatant treated In the same way as the culture media. The 
samples were fractloned on SOS-page (7.5 * - 15 % poly aery 1 amide gradient) 
and eleetroblotted to a nitrocellulose filter. The filters were Incubated 
with rabbit prochymosin antiserum and o-rabbit-IgG-AP (alkaline phosphatase) 
conjugate and stained with nltro blue tetrazoHum and 5-bromo-4-chloro-3- 
Indolyl phosphate purchased from Promega Blotec. The amount of chymosln 
inside and outside the mycelium was compared (fig. 17). It was shown by 
Southern hybridization that the clones containing higher number of copies of 
plasmid pAMHIOZ Integrated Into the fungal chromosomal DNA also produced 
more chymosln. When using a one copy transformant the amount of secreted 
chymosln was 100 pg/1 of culture medium when approximated from Western gels 
(fig 17). The secreted prochymosin was shown to be processed to an active 
chymosin by Western gels and by the milk clotting activity (chymosln clots 
milk by cleavage of jHcaseln determination (ref. 63). The amount of various 
forms of chymosln (preproC. proC, C and chymosin derived degradation 
products Inside the cell) Inside the mycelium was determined to be 0.04 % of 
mycelial total protein (fig. 17) and the amount of secreted chymosin was 
60 I of the total chymosin produced. This shows the efficiency of T. reesei 
to secrete even heterologous gene products outside; the mycella. 
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Transformants with several copies of plasmld pAMH104 (fig. 11 ) # 
able to secrete larger amounts of proctymosin were screened for by 
determining the milk clotting activity of the growth media. The best 
transformant out of the 40 studied was found to secrete 500 pg/1 of culture 
medium as determined on Western gels and by milk clotting activity. 

Since the amount of secreted, active chymosin was Increased 
200- fold when cultures were grown in a 5 1 laboratory fermenter compared to 
the small-scale cultures (10-50 ml), the amount of chymosln produced by this 
type of strain 1s around 100 mg/1. 

Example 11 

Construction of a general expression vector for production of homologous and 
heterologous proteins in T« reesei . 

In order to be able to construct vectors for production of various 
proteins In T. reesei a general expression vector including the promoter and 
terminator areas of cbhl gene was constructed. The cbhl terminator was 
subcloned together with an adaptor including the STOP codon TAA in three 
reading frames into Pst I site of pUC19 resulting in plasmid pAMHllO' (fig. 
15). The Pst I terminator fragment was Isolated from pAMHllO', the cbhl 
promoter area was isolated from pAHH102 as an Eco RI - Pst I fragment 
including the aminoterminus of proC gene and these fragments were subcloned 
into an Eco RI - Pst I digested pUC19* from which the single Nde I site had 
been made blunt with Klenow prior to this subcloning step. The resulting 
plasmld pAMHllO Includes the promoter and terminator of cbhl gene and 
between these sequences a stuffer fragment which can be removed by digestion 
with Sac II and Nde I. After the ends are made blunt any cDNAs or 
chromosomal copies of genes can be inserted between the promoter and 
terminator (fig. 15). 

Example 12 

The expression of T. reesei endoglucanase I under cbhl promoter. 

In order to increase the amount of endoglucanase produced, the egll 
gene was linked to the more powerful 1 cbhl promoter. The cDMA for T. reesei 
endoglucanase I was subcloned as an Eco RI - Bam HI fragment into general 
expression vector pAMHllO (described in example 11} which was first digested 
with Sac II - Nde I to delete the stuffer fragment (fig. 16). The resulting 
plasmld pAKHlll Including egll gene between the promoter and terminator of 
cbhl gene was cotransformed with p3SR2 to T. reesei QM 9414 (ATCC 26921) in 
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M l«r r.t1o 5:1. «.p.et1vely. The tru»fOr»«nU «re,«.l.cted for tads* 

„ h .r D tvM *nd further purified on selectl*. nedHm. Six Individual 

fr HX£ «™ for 4 d*s In CIO,... I-** — (Mk. floe 

.Hcrbon source. 1 « In 50 ,1 llouM cultures. cu1tur< «"»"»'"** 

.ere then tested for ,»d. 9 luc.n„. .ct1«1ty by MwrlW «J» 

reduclm, su,.rs fr»hyd«>Wethy1 cellulose (0.1 ». ref. 12). The EG I 

t .s of transforms were co^r.d to . control (QM 9414) .n d tta 
bfst tr.nsfom.nt w.s shown to secret. 4 tl-es the endo,1uc.n.se «t1,1ty of 
tt, control streln. This «* It Is possible to ™d1fy the 

.■ounts of different cellul.lytlc en*,-* In T^reesel by ch.ng1no the 
respective promoter. 



REFERENCES _ _ M 

0244234 

1. Simmons, E.G., Classification of some cellulase producing 
Trlchoderma species. In: Abstracts of Second International Mycologlcal 
Congress. Tampa, Florida, USA. H.E. Aigelow & E.G. Simmons (Eds.) 1977, 
p. 618. 

2. Berghem, L.E.R. & Pettersson, L.C. , The mechanism of enzymatic 
cellulose degradation. Purification of cellulolytlc enzyme from Trlchoderma 
vlride active on highly ordered cellulose. Eur.J.Blochem. 97 (1973), 
21-30. 

3. Gong, C.S., Ladlsch, M.R. & Tsao, G.T., Biosynthesis, purification 
and mode of action of cellulases of Trlchoderma reesel . Adv.Chem.Ser. 181 
(1979), 261-287. 

4. FSgerstam, L.G. & Pettersson. L.G., The 1,4-8-glucan cellobio- 
hydrolases of Trlchoderma reesel QH 9414. A new type of synergism 

FEBS Letters 119 (1980), 97-100. 

5. Enarl, T.-M., Microbial Cellulases. In: Microbial Enzymes and 
Biotechnology. W.M. Fogarty (Ed.). Applied Science Publishers, London and 
New York, 1983, pp. 183-223. 

6. Gilbert, I.G. & Tsao, G.T., Physical properties of T. virlde 
cellulase. Ann. Reports on Fermentation Process 6 (1983), 323-358. 

7. Shoemaker, S.P. & Brown, Jr., R.D., Enzymic activities of 
endo-l,4-8-glucanases purified from Trlchoderma vlride . Biochlm.Riophys. 
Acta 523 (1978), 133-146. 



0244*34 

8. shoemakor, 8.P. * Brown, 4*. < I.D., Charactarisstien of ando- 
1,4-e-flueatiaMS purifiad from Trichoderma vlrida. Bioehim.Biophys.Aets 523 
(1978), 1*7-161. 

9. BlM«tt, F.H., Analysis of csllulase proteins by high performance 
liquid chroastography. J.Chroastog. 178 (1979), 317-523. 

10. Park... V.A., Jalanko, A. 6 Kolarova, N. t Characterisation of 
cellulaae complexes from Trichoderma reeaei 0* 9414 and ita mutants by 
means of analytical isoelectrof oeusing in.polyacrylamide gels. 
Biochem.Biophys.Acta 706 (1982^.10^110. 

11. Euari, T.-M., Niku-Paavola, M.-L. & Kummi, M., Comparison of 
cellulolytie enzymes from Trlchoderma..raeael and Aspergillus nlger. In* 
Proceedings of 2nd International Symposium on Bioconveraion and Biochemical 
Engineering. T.K.. Chose (Ed.). Indian Institute of Technology, Rev Delhi 1 
(1980), 87-95. 

12. Bailey, M.J. & Heyaiainen,,K.M.H., Induction, isolation and 
testing of stable Trichoderma reesel mutants with improved production of 
solubilizing cellulase. Ensyme Microb.Technol. 3 (1981), 153-157. 

13. Andreotti, R. , Medeiros,. J. , Roche,. C .4 Mandels, M., Effects of 
attain and substrate on production of cellulases by Trichoderma reesei 
mutants. In: Proceedings of 2nd International Symposium on Bioconversion 
and Biochemical ^ Engineering. T.^- GhpsejEd.) Indian Institute of 
Technology, New Delhi 1 (1980), 353-388. 

U. Farkas, V., Labudova, I. , Bauer, S. & Ferenczy, L. , Preparation of 

stents of Trichoderma_viride with increased production of cellulase. Folia 
Microbiol. 26 (1981), 129-132. 

15. Montenecourt, B.S. & Eveleigh, D.E. , Selective screening for the 
isolation of high yielding cellulase mutants of T. reesei. Adv.Chem.Ser. 
181 (1979), 289-301. 

16. Mandela, M. , Weber, J. & Parizek, R. , Enhanced cellulase 
production by a mutant of Trichoderma vlride , Appl .Microbiol. 21 (1971), 
152-154. 



0244234 

17* Gallo 9 B.J*, Andreotti, R. t Roche, C. g Ruy, D. & Mandela, M., 

Cellulase production by a new mutant strain of Trlchoderma reesel MCG 77. 
Biotechnol.Bioengineer. Symp* 8 (1979), 89-102. 

18. Warzyvoda, M., Vandecasteele, J. P. & Pourquie, J., A comparison of 
genetically improved strains of the cellulolytic fungus Trlchoderma reesel . 
Biotechnol.Lett. 5 (1983), 243-246. 

19. Montenecourt, B.S. 6 Evelelgh, D.E. , Preparation of mutants of 
Trlchoderma reesel with enhanced cellulase production. Appl .Environ. 
Microbiol. 34 (1977), 777-782. 

20. Sheir-Heiss, G. & Montenecourt, B.S., Characterization of the 
secreted cellulases of Trlchoderma reesel wild type and mutants during 
controlled fermentations. App.Mlcrobiol.Biotechnol. 20 (1984), 46-53. 

21. Shoemaker, S.P. , Raymond, J.C. & Bruner, R«, Cellulases: Diversity 
amongst improved Trlchoderma strains. In: Trends In the Biology of 
Permantatlons for Fuels and Chemicals A.E. Hollaender (Ed.). Plenum Press. 
(1981), 89-109. 

22. Kevalainen, K.M.H., Palva, E.T. & Bailey, M.J.B., A high 
cellulase-producing mutant strain of Trlchoderma reesel . Enzyme 
Microb.Technol. 3. (1980), 59-60. 

23. Shoemaker, S., Schveickart, V., Ladner, M. , Gelfand, D. , Kvok, S. , 
Myambo, K. & Innls, H., Molecular cloning of exocelloblohydrolase I derived 
from Trlchoderma reesel strain L27. BIO/TECHNOLOGY 1_ (1983), 691-696. 

24. Teeri, T. , Salovuori, I. & Knovles, J., The molecular cloning of 
the major cellulase gene from Trlchoderma reesel BIO/TECHNOLOGY 1_ (1983), 
696-699. 

25. PenttilH, M. , Lehtovaara, P., Kevalainen, R. , Bhlkhabhai, R. & 
Knovles, J. 1986. Homology between cellulase genes of Trlchoderma reesel ; 
complete sequence of the endoglucanase I gene .Gene (1986) 45: 253-263. 



26. Patent appllctlon EP 137. 280. 



0244?34 



27. Van Arstel , J.N.V. , *wk, 8. , Jchwtlckart , V.L. , Ladn«r, H.B. , 
Oalfand, T.H. * Itmit, H.A., Cloning, charaetarUation and axpreMion in 
«. r httfl«c«i carevlslae o£ endoglucanase I from Trlchodarma raesai. 
BIO/TECHHOLOCY 5t 60-64. 

28. P*t«nt application WO 85/04672 

29. Chan, CM. , Gritaali.^ * Stafford, T.W., Nucleotide sequence and 
deduced primary structure of ctllobiohydrblaia II from Trichodarma teasel. 
BIO /TECHNOLOGY (1987) 5i 274-278. 

30. Saloheime, H. , Lehtovaara, P^, PehttilH, M. , Teeri, T.T., 
Btihlberg, J., Johansson, C, Pettersson, G., Claeyssens, M. , Tomme, P. & 
Knovles, J-_,A 'W- *r«n triehoderma raeselt Characterisation 
of both' gene and enayme. Submitted for publication in BIO/TECHNOLOGY. 

31. Case, M., Schveiser, H., Xushner, S.R. & Giles, H.H., Efficient 
transformation of Mauroeoora crassa by utilising hybrid plasmid DMA. 
Proc.Watl.Acad.Sci. OSA 76 (1979), 5259-5263. 

32. Ballance, J. , Buxton, P.P. 4 Turner, G. , Transformation of 
A « r r ff lllti B nidulans by the oro'tidine-5* -phosphate decarboxylase gene of 
KptiroBoora crassa. Biochem.Biophys.Res.Commun. 112 (1983), 284-289. 

33. Tilburn, J. , Schawoccnio, C. , Taylor, G.T. , Zabickyzissman, J.H. , 
Lockington, R.A. & Davies, R.V., Transformation by integration in 
A Bp *r R illus nidulans . Gene 26 (1983), 205-221. 

34. Yelton, M. , Hamer, J.E. & TImberiake, W.E., Transformation of 
A.pgr pillus nidulans by using a trpC plasmid. ProciKatl.Acad.Sci. USA 81 
(1984), 1470-1474. 

35. Kelly, J.M. & Hynes, M.J., Transformation of Aspergillus nlger by 
the amdS gene of A ^rglllus nidulans i EMflO Journal 4 (1985), 475-479. 

36. Nevalainen, B. , Genetic improvement of enzyme production in 
Industrially important fungal strains. Technical Research Center of 
Finland, Publications 26 (1985). 



0244234 

37. Beckvith, J.R. , Pardee, A.B., Austrian, R. & Jacob, P., 
Coordination of the synthesis of the enzymes in the pyr id laide pathway of 
E. coll . J.Mol.Biol. 5 (1962), 616-634. 

38. Ballance, D.J. & Turner, C. , Development of a high-frequency 
transforming vector for Aspergillus nidulans . Gene 36 (1985), 321-331. 

39. Arroyo-Begovich, A. 6 DeHoss, J.A., The Isolation of the 
components of the anthranllate synthase complex from Keurospora crassa . 
J.Biol. Chem. 248 (1973), 1262-1267. 

40. Crelghton, T.E. , N-^-Phosphoribosyl) anthranllate 
isomerase-indol-3-ylglycerol phosphate synthetase of tryptophan 
biosynthesis. Blochem.J. 120 (1970), 699-707. 

41. Keesey, J.K.J.R. & DeMoss, J.A., Cloning of the trpl gene from 
Keurospora crassa by complementation of a trpC mutation in Escherichia 
coll . J.Bacteriol. 15£ (1982), 954-958. 

42. Maniatis, T. , Frltsch, R.F. & Sambrook, J., Molecular Cloning, 
A laboratory manual, Cold Spring Harbour Laboratory, Cold Spring Harbour 
1982. 

43. Frischauf, A.M., Lehrach, H., Poutska, A. & Munay, N., J.Mol.Biol. 
170 (1983), 827. 

44. PenttilS, M.E. , Nevalainen, K.M.H., Raynal, A. & Rnovles, J.K.C., 
Cloning of Aspergillus niger genes in yeast. Expression of the gene coding 
Aspergillus 0-glucosidase. Mol.Gen. Genet. 194 (1984), 494-499. 

45. Hynes M.J. , Corrick, CM. 6 King, J. A. Isolation of genomic clones 
containing the amdS gene of Aspergillus nidulans and their use in the 
analysis of structural and regulatory mutations. Mol .Cell .Biol . 3 (1983), 
1430-1439. 

46. Casadaban, M.J. , Martinez-Arias, A., Shaplra, S.K. & Chon, J., 
p-galactosidase gene fusions for analyzing gene expression In Escherichia 
coll and yeast. Methods Enzymol. 100B (1983), 293-308. 



024<£& 



34 



47. Reader, D. t Broda, P.» Rapid preparation of WiA from filaaentoua 
fungi. Lett, in Appl.MieroMol. I (1983) 17-20. 

48. Bailey, M.J. & Okeanen, J. » Cellulaae production by nmtant atraina 
of Triehodana roaael on non-celluloeic oedla. Third European Congreaa on 
Biotechnology, Munich 10-14 September 1984. Preprint., vol II, 157-162. 

49. Sollaaso, M. , Prank, R. 4 Ceaareoi, G., High-level expreaaion of 
RNAa and proteinat the nee of oligonucleotidee for the preeiee fuaion of 
coding-to-regulatory aequenca. Gene 37 (1985), 199-206. 

50. Kunkel, T.A., Rapid and efficient eite-apecific Butageneaie 
vithout phenotypic .election. Proc. Natl. Acad. Sci. USA 82 (1985), 488-492. 

51. John, M.A. 6 Peberdy, J.F. Tranafomatlon of Aapereillm nldulana 
using the argB gene. Enxyne Microb.Teehnol. 6 (1984), 386-389. 

52. Chirgwin, J.M., Pwybyla, A.E. , MacDonald, R.J. & Rutter, W.J. , 
Isolation of biologically active ribonucleic acid from aeurces enriched in 
ribonucleaaa. . Biochemiatry 18 <1978), 5294-5299. 

53. Truelsen, E. t Gausing, K. , Jochitnsen, B., J^rgensen, P. & Marcker, 
K.A. , Cloning of soybean leghemoglobin structural gene sequences 
synthesized in vitro . Nucleic Acids Res. 6 (1979), 3061-3072. 

54. Berse, B. , Bmochowska, A. Skraypek, M. Wegleriski, P., Bates, 
M.A. & Weiss, R.L. Cloning and characterization of the ornithine 
carbamoyltransf erase gene from Aspergillus nidulans. Gene 25 (1983), 
109-117. 

55. Fincham, J.R.S. et_al., Fungal genet ics» Botanical Monographs vol. 
4, Blackwell Scientific Publications Edinburgh, p. 639, Fourth edition, 
1979. 

56. Doi, Y. , Revision of the Hypocreales with cultural observations. 
II. Hypocrea dichromospora sp. nby. and its Trichpderma state. 

Bull. Nat. Sci .Mas. Tokyo 11 (1968), 185-189. 



0244234 

57. Bcja da Costa, M. & Van Oden, N. f Dse of 2-deoxyglucose in the 
selective isolation of mutants of Trichoderma reesel with enhanced 
p-glucosldase production. Biotechnol.Biogen. 22 (1980), 2429-2432. 

58. Yanish-Perron, C, Vieira, J. & Messing, J., Improved MJ13 phage 
cloning vectors and host strains: nucleotide sequences of the M13 mp 18 and 
pUC 19 vectors. Gene 33 (1985), 103-119. 

59. Boel, E. f Hansen, M.T. , HJort, I., Htfegh, I. & Fill, N.P. , Two 
different types of intervening sequences in the glucoamylase gene from 
Aspergillus niger . The EMBO Journal 3^ (1984), 1581-1585. 

60. Marsh, J.L., Erfle, M. 6 Vykes, E.J. The plC plasmld and phage 
vectors with vers tile cloning sites for recombinant selection by 
insertional lnactlvation. Gene 32 (1984), 481-485. 

61. Vieira, J. & Messing, J., The pUC plasmids, an M13mp7 - derived 
system for insertion mutagenesis and sequencing with synthetic universal 
primers. Gene 19 (1982), 259-268. 

62. Van Gorcom, R.F.M., Pouwels, P.H. , Goosen, T. , Visser, J., Van den 
Broek, H.V.J. , Hamer, J.E., Timberlake, W.E. & Van den Rondel, C. A. M.J. J. 

Expression of an Escherichia coll p-galactosldase fusion gene in 
Aspergillus nidulans . Gene 40 (1985) 99-106. 

63. Nummi, M. , Niku-Paavola, M.-L. , Lappalainen, A. t Enari, T.-M. & 
Raunio, V., Celloblohydrolase from Trichoderma reesel . Blochem.J. 215 
(1983), 677-683. 

64. Eghtedarzadch, M.K. & Henikoff, S., Use of oligonucleotides to 
generate large deletions* Nucl. Acids Res. 14 (1986), 5115. 

65. Obtained from Paul Thomas, Imperial College, Dept. of Chemistry, 
London. 

66. Miller, J.H. , Experiments in molecular genetics (1972), Cold 
Spring Harbor Laboratory, Cold Spring Harbor, New York. 

67. The method for determining the activity of chymosin in cleavage of 
milk 0-kaseln has been described by Sllka-aho, M. (1983) Mikroblrennl inln 
tuottaminen, MSc Thesis. Blotechnical Laboratory, VTT, Tletotie 2, 02150 
Espoo, Finland. 



3 OA 



0244234 



The features disclosed in the foregoing description, 
in the following claims and/or in the accompanying drawings 
may, both separately and in any combination thereof, be 
material for realising the invention in diverse forms 
thereof. 
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1. A vector system for use In the transformation of Trlchodenaa 
comprising 

a) a gene encoding a desired protein product, 

b) functions facilitating gene expression Including 
promoters /enhancers operably linked to control expression of 
the desired product, and 

c) a selection marker. 

2. A vector system according to claim 1 further comprising a 
signal /leader sequence fused upstream to the 5 f end of the gene for the 
desired protein product. 

3. A vector system according to claim 1 or 2 f wherein the 
promoter can function In Trichoderma . 

4. A vector system according to claim 1, wherein the promoter is 
derived from a gene for protein heterologous to Trichoderma , 

5. A vector system according to claim 2, wherein the 

signal /leader sequence is derived from a gene for a protein secreted by 
Trichoderma . 

6. A vector system according to claim 2, wherein the 
signal/leader sequence is derived from a secreted protein heterologous to 
Trichoderma . 

7. A vector system according to claim 5 to 6, wherein the 
signal/leader sequence is derived from the signal /leader sequence of the 
desired proteins. 

8. A vector system according to claim 5, wherein the signal 
sequence is the Trichoderma reesei cbhl signal sequence. 



9. A vector system according to claim 6 f wherein the signal 
sequence Is the Aspergillus glucoamylase signal sequence. 
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10. A victor «yitw.#ecort4jt ,|9 *Ui« l, nhtr^in th. dcsirad 
protaln ii hooolegout to Trjkhodjraa. 

11. A Ttctor «7itta accordifig to cUJn 1, Wherein the desired 
protein le heterologous to Trlchodermai. 

12. A vector system according to claim >l f Wherein the desired 
product is prochymosin. 

13. A vector system according ; tp. claim 10 t wherein the desired 
protein is T. reesel endoglucanase (EG I). 

14. A vector system according, to claim 3 t Wherein the promoter Is 
+\im Trichoderma reesel cbM promoter. 

15. A vector system according to claim 4 t Wherein the promoter Is 
the Aspergillus glucoamylase promoter. 

16. A vectpr system according t;o claim 1, wherein the selection 
marker is derived from the Aepergillos iildulans jmdg gene, the Aspergillus 
nidulans or Trichoderma reesel argB gene or the Kcurospora crassa or 
Trichoderma reesel pyr* gene. 

17. A vector system according to claim 1 comprising at least two 
plasmlds or vectors. 

18* A vector system according to claim 17 t wherein the selection 
marker is situated on one plasmid and the remaining DNA-sequences to be 
incorporated in the host genome are situated on another plasmid. 



19. Trichoderma strains i? t ably Jtrans formed with a vector system in 
accordance with any of the previous claims 1-18. 
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20. A method for transformation of Trichoderma . wherein a suitable 
Trichoderma strain la transformed with a vector system in accordance with 
any of the previous claims 1-18. 

21. A method for the production of a protein product in 
Trichoderma, wherein a suitable host microorganism Is transformed with a 
vector system In accordance with any one of claims 1-18, the transformed 
strain is cultured In a suitable culture medium and the expressed and 
secreted protein product is recovered from the culture medium. 

22. A method for the production of a protein product in 
Trichoderma which comprises cultivating In a suitable culture medium a 
suitable host microorganism transformed with a vector system in accordance 
with any one of claims 1-18 and recovering the expressed and secreted 
protein product from the culture medium. 

23. A method in accordance with claims 21 or 22, wherein the host 
microorganism is a prototrophic T. reesel strain. 

24. A method in accordance with claim 21 or 22, wherein the host 
microorganism Is an auxotrophic T. reesel strain. 

25. A method in accordance with anyone of claims 21-24, wherein 
the host strain is deficient to any gene encoding an undesired product. 

26. A method according to claim 25, wherein the host strain is 
deficient in the cbhl gene. 



27. Auxotrophic Trichoderma strains usable as host strains to be 
transformed with the vector system In accordance with any of claims 1-18. 
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prom. cellulase gene 




chromosomal cellulase locus 



plasmld carrying a promoterless, ! 
truncated cellulase cDNA gene 
containing alframeshift mutation * 



marker gene 



i 



marker gene 




truncated cellulase promoterless, full length 

ge ne cellulase gene containing 

a frameshift mutation 
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Fig. 5 



6/17 



0244234 



The N-termlnal linker of pR27: Pstl/PvuII/BamHI - SacII/Xmalll 



EcoRI Cla/msp 




Fig. 6 
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Fig. 7 
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ligation 
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Annealing of one of 
the synthetic oligo- 
nucleotides OAMH1, 
0AMH2 or OAMH3 
(Fig. 10). 
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A ■ pcbhl area (-2.4 kbj 

B ■ ss of cbhl 

C ■ 5' end of the cbhl gene 
coding for the amino adds 
1-57 

0 = a 140 bp fragment from 

pR26 Including the preproC 5' 
end until the first PstI site 
1n the coding region of the 
gene, ■ ess 



polyl Inker of pTZ19R 

Including SacI-KpnI-XmaI/SmaI-BanHI-XbaI-SalI/AccI/H1ncII-PstI 




A' 



0AMH1 



C B 



A' 



A' 



322 l //////////■ ^- 



VI 



0AMH2 



V 



0AMH3 



- elongation with Klenow and ligase 

- digestion with Smal (Smal 1n the polyl Inker) 

- transformation I 

- isolation of plasmid DNA from the pool of 
transformants 

- digestion with Smal 

- transformation II 

- the screening of right clones 

- sequencing of the potential right clones 

/ i \ 

PAMH1103 pAMH1106 pAMHUOl 



Fig. 9 
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NOR 202 

5' 3' 
TG'GCC'ACA'GCT'CGT'GC 



NOR 203 
5' 3' 
ACG ' AGC ' TGT ' 66C ' CAA * G A 



olloo for making a ss fusion (fl 

0AMH1 3 ' TAG 1 AGC 1 CGG 1 AAG ' AAC 'CGA 'GAG 1 AGG 1 GTC ' CCG ' 5 ' 

coding region of < — IL> coding region of 

aa 8-12 from CBHI ss aa 12-16 from proC ss 

o11qo for making a fusion between mature proteins 

0AMH2 3< ACC ' GTC 1 TTT ' ACG 1 AGC 1 CCG ' CGA ' CTC ' TAG ' TGG ' 5 ' 

coding region of < — II— ^coding region of 

aa 16-20 from mature CBHI aa 16-20 from preproC 

oUgo for joining the promote r of cbhl to chvmosln ss 
0AMH3 3 ' GCC , TGA , CCG , TAG , TAC , TCC , ACA , GAG , CAC , 5 

12 ATG preceding J I > coding region of 

bases from cbhl 5 first aa from preproC 

gene 



Fig. 10 
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Fig. 12 
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- make blunt ends with Klenow 

- ligation II 




Fig. 13 
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Fig. 14 
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blunt ends 
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ligation 




Fig. 16 
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